Introduction {#S5}
============

The overall rate of preterm birth (infants \<37 weeks gestation) was 9.6% and the rate of late preterm birth (infants 33--36 weeks gestation) was 6.9% in 2015 in the United States ([@R1]), which translates to 72% of all preterm births occurring in the late preterm period. Late preterm infants have significantly higher risk for respiratory disease and infections, which contributes to the use of twice as many healthcare dollars over the first 2 years of life, as compared to their term counterparts ([@R2]). The neonatal immune system is frequently cited as a culprit for neonatal susceptibility to infection; however, there is inconsistency in the literature about what constitutes an ideal term and preterm neonatal model in order to determine the specific mechanisms of susceptibility ([@R3]--[@R6]). Therefore, there is a real need to develop clinically relevant neonatal animal models of infection.

To better understand the development of the neonatal immune system, we have established a neonatal mouse model of influenza infection to determine the phenotypic and functional characteristics of both the innate and adaptive immune system, and to dissect the developmental mechanisms which regulate immature immune systems. In the context of an influenza infection, 3-day old mice respond less rapidly compared to adult or 7-day old mice ([@R7]). While they are able to generate a virus-specific response, the expansion of cytotoxic T lymphocytes (CTLs) is significantly slower which results in an increased rate of morbidity and mortality.

CD31 is a member of the immunoglobulin (Ig) superfamily of cell adhesion molecules. It is expressed on most cells of the hematopoietic lineage including platelets, monocytes, neutrophils, and T cells and plays an important role in the inflammatory response through the modulation of leukocyte activation, cytokine production and the maintenance of vascular barrier integrity ([@R8]--[@R10]). CD31 is involved in modulation of TCR-signalling. Engagement of CD31 on the surface of T cells reduces Zap70 phosphorylation through the action of protein tyrosine phosphatases such as SHP-2, which are recruited following phosphorylation of the two cytoplasmic tails of CD31 containing immunoreceptor tyrosine-based inhibitory motifs (ITIMs) ([@R8],[@R9],[@R11]). Following TCR signalling, CD31 engagement also leads to the inhibition of Jun-N-Terminal kinase (JNK), NF-κB, and IRF-3 activation, thereby increasing the threshold required for T cell activation ([@R9]).

CD31 plays a critical role in the regulation of the sensitivity of the T cell receptor. Recently, it was demonstrated that early fetal development supports loss of the regulatory co-receptor CD31 ([@R12]), and that this loss of CD31 potentially contributes to the extremely preterm infant's immune dysregulation. Therefore, we questioned whether differential expression of CD31 on CD4^+^ and CTLs could contribute to a defective adaptive immune response in the murine neonate when infected with influenza. We compared this *in vivo* infection model with expression of CD31 in late preterm and term infants' T lymphocytes, to determine similarities and differences in CD31 development between the human and the mouse.

Methods {#S6}
=======

Mice and infections {#S7}
-------------------

C57Bl/6 neonatal mice were generated using standard breeding procedures and 8 week old adult C57Bl/6 mice were purchased from Charles River Laboratory. The mice were housed under specific-pathogen-free conditions in an American Association for the Accreditation of Laboratory Animal Care-certified barrier facility at the Drexel University College of Medicine Queen Lane Campus animal facility. Animal work was carried out according to approved Institutional Animal Care and Use Committee protocols.

Neonatal mice at 3 days of age (weight \~3g) were infected intranasally (i.n.) with 0.12 TCID~50~ (0.04 TCID~50~/g) of influenza virus H1N1 strain PR8 (A/Puerto Rico/8/34) (generous gift of Dr. W. Gerhard, Wistar Institute, Philadelphia, PA) in a 5μl volume. Neonatal mice at 7 days of age (weight \~5g) were infected intranasally (i.n.) with 0.20 TCID~50~ (0.04 TCID~50~ /g) of influenza virus in a 7μl volume. Adult 8 week old C57Bl/6 mice (weight \~20g) were infected i.n. with a sublethal dose of 3 TCID~50~ in a 20μl volume (0.15 TCID~50~ /g). The mice were anesthetized with inhaled isoflurane before intranasal inoculations. The primary response was examined by harvesting cells from lungs and spleens on noted days post-infection.

Isolation of pulmonary lymphocytes {#S8}
----------------------------------

Pulmonary lymphocytes were isolated from individual mice by removing lungs and mincing into smaller pieces. The tissue was then digested for 2 h at 37°C with 3.0 mg/ml collagenase A and 0.15 μg/ml DNase I (Roche) in RPMI 1640 (Corning) containing 5% heat-inactivated FBS (Gemini), 2 mM l-glutamine, 100 IU/ml penicillin, 100 μg/ml streptomycin (Corning). The digested tissue was then run through a 40-μm cell strainer (Falcon) and washed in the same media as above. Cells were counted using trypan blue exclusion with light microscopy.

All absolute cell numbers are calculated per 100 mg of lung tissue. Cells were fixed in 1% paraformaldehyde (Fisher Scientific) before flow cytometric analysis. Data was collected on a FACS LSR Fortessa using FACS Diva software (BD Biosciences). Analysis was performed using Flow Jo software (Tree Star).

Cord Blood collection {#S9}
---------------------

This study was approved by the Institutional Review Board of Drexel University College of Medicine. There was a waiver of documentation of written consent. Those patients with known major fetal anomalies, fetal demise, maternal active HSV infection, and mothers with known HIV infection were excluded. Cord blood sampling kits were preassembled to standardize collection procedures, ensuring uniform reagents were used ([@R13]). Umbilical cord blood was collected between February 2016 and October 2016, using universal precautions from 10 elective, full term cesarean section deliveries (38--40 weeks gestation), with no rupture of membranes or labor. In addition, samples were collected from 10 late preterm deliveries (33 to 36 weeks gestation), which were performed for maternal indications (preclampsia and/or uncontrolled hypertension). Peripheral venous blood was also obtained from five control healthy, nonsmoking adults (aged 20--40 y; median age 24 y). Study data were collected and managed using REDCap electronic data capture tools hosted at Drexel University ([@R14]). REDCap (Research Electronic Data Capture) is a secure, web-based application designed to support data capture for research studies. All specimens and data were de-identified. Cord blood was collected and stored at room temperature until processing within 24 hours of collection at the Drexel University College of Medicine, Department of Microbiology and Immunology.

Umbilical Cord Mononuclear Cell Isolation {#S10}
-----------------------------------------

All processing was completed using BSL 2 procedures. Prior to cell isolation, a cord blood aliquot was diluted with one part 10% RPMI to one part whole blood in a sterile 50 mL conical tube. Diluted blood was layered over Ficoll-Paque® (Lymphocyte Separation Medium, Cellgro) at a ratio of 3-mL blood to 1-mL separation medium. Blood was pipetted slowly down the side of the 50 mL conical to overlay the Ficoll-Paque. Samples were centrifuged at 20°C for 30 min at 900*g* with no brake. After centrifugation the mononuclear cell layer was removed and transferred to a new 50mL conical. The tube was filled with 5% RPMI and centrifuged for 5 minutes at 500g at 20°C, with the brake. Cells were washed with 5% RPMI, and then resuspended in 10% RPMI. Cells were frozen in 10×10^6^ cells/mL aliquots in freeze media, 10% DMSO (Sigma) and 90% sterile-filtered prescreened FBS (Gemini Bioproducts). Cells were kept in long term storage in −150 degree freezers.

Human T cell isolation and activation {#S11}
-------------------------------------

Cells were quick thawed from freezing and total T lymphocytes were isolated using EasySep Human T cell Enrichment Kit (STEMCELL Technologies). Purity was assessed by flow cytometry and was consistently greater the 90%. Cells were then incubated at 37°C in 10% RPMI containing 50U/mL recombinant Human IL-2 (Peprotech) and CD3/CD28 Dynabeads at a ratio of 3 beads per cell (Gibco). Two days post activation, cells were spun down and fresh media was added containing 50U/mL rHIL-2. Cells were harvested 5 days post activation, Dynabeads were removed and cells were analyzed by flow cytometry.

Flow cytometry {#S12}
--------------

For mouse experiments, cells were co-stained with anti-mouse CD8α conjugated to PE (Tonbo Bioscience), anti-mouse CD4 conjugated to violetFluor450 (Tonbo Bioscience), anti-mouse CD44 conjugated to BV605 (Biolegend), anti-mouse CD62L conjugated to APC (eBioscience), and anti-mouse CD31 conjugated to PE-Cy7 (eBioscience). All stains were completed on ice to prevent internalization. For human studies, cells were co-stained with anti-human CD8α conjugated to APC (eBioscience), anti-human CD4 conjugated to PerCP-Cy5.5 (eBioscience), anti-human CD45RO conjugated to APC-efluor780 (eBioscience), anti-human CD45RA conjugated to evolve605 (eBioscience), and anti-human CD31 conjugated to PE (eBioscience). All stains were completed on ice to prevent internalization. Cells were fixed in 1% paraformaldehyde (Fisher Scientific) before flow cytometric analysis. Data was collected on a FACS LSR Fortessa using FACS Diva software (BD Biosciences). Analysis was performed using Flow Jo software (Tree Star). For mouse and human studies, lymphocytes were gated based on forward and side scatter, and then by CD4^+^ or CD8a^+^. In the mouse, naïve cells were gated based on expression of CD62L^+^CD44^−^ and activated cells were gated by CD44^+^CD62L^−^. In the human, naïve cells were gated by CD45RA^+^CD45RO^−^ expression, while activated cells were gated by CD45RO^+^CD45RA^−^ expression.

Statistical analysis {#S13}
--------------------

Statistical analysis was performed using the nonparametric Mann Whitney test for unpaired samples. Analyses were performed using GraphPad PRISM version 5 for Mac (GraphPad Software, San Diego California, [www.graphpad.com](www.graphpad.com)). P values\<0.05 were considered to be statistically significant.

Results {#S14}
=======

Characterization of Naive CD31^+^CD8a^+^ and CD31^+^CD4^+^ T cells in the murine neonate {#S15}
----------------------------------------------------------------------------------------

We first sought to determine the developmental regulation of CD31 expression on CD8a^+^ and CD4^+^ T cells in the neonatal mouse. Spleens were harvested from mice at 1, 3, 5 and 7 days of life (DOL) and compared to adult mice at 8 weeks of age. Studies in the mouse have indicated that the first three weeks of a T cell's residency in the lymphoid periphery constitute a transition period for Recent Thymic Emigrants (RTEs) ([@R15],[@R16]) and so we questioned how expression of CD31^+^ would change on naïve T cells after their egress from the thymus. Naïve T lymphocytes were identified by CD62L^+^ cell surface expression. Frequencies of naïve CD31^+^ T lymphocytes (CD8a^+^CD62L^+^CD31^+^ and CD4^+^CD62L^+^CD31^+^) were determined ([Figure 1a--b](#F1){ref-type="fig"}). Two distinct populations were identified based on differential expression of CD31 (noted here out as CD31hi and CD31int) in both CD4^+^ and CD8a^+^ populations ([Figure 1c](#F1){ref-type="fig"}). No significant differences were identified in the frequency of CD4^+^CD62L^+^ CD31hi or CD31int expressing cells across the first week of life ([Figure 1a](#F1){ref-type="fig"}). CD8a^+^ T cells however, display a decrease in the frequency of CD31int T cells over time (65% (DOL1) to 21% (DOL7) and 10% (adults); p\<0.05 all time points relative to DOL 1)) ([Figure 1b](#F1){ref-type="fig"}). Next, we wished to compare the absolute number of CD31^+^ cells. In the first week of life, CD4^+^CD31hi lymphocytes make up the majority of the CD4^+^ T cell pool, and increase significantly during development (4×10^3^ (DOL1) to 4×10^5^ (DOL7); p\<0.05 for D1 to all other time points and D3 to D5), while CD4^+^CD31int remain comparatively stable ([Figure 1d](#F1){ref-type="fig"}). CD8a^+^CD31hi T cells also increase over development, with a 10 fold increase in the absolute number from the first day of life to the seventh day of life (1.6×10^4^ (DOL1) to 1.4×10^5^ (DOL7); p\<0.05 for D3 to D5 and D5 to D7) ([Figure 1e](#F1){ref-type="fig"}). This is consistent with previous work in humans, which demonstrated an increase in CD31 expression across gestation ([@R12]).

CD31 frequency in human late preterm and term cord blood {#S16}
--------------------------------------------------------

Next, we sought to determine differences in expression of CD31 on naïve lymphocytes in late preterm cord blood samples. Cord blood samples were used from late preterm infants (33--36 weeks) where there had been a maternal indication for premature delivery, specifically preeclampsia or hypertension. Term samples (38--40 weeks) were obtained from scheduled and elective cesarean sections, without spontaneous labor. Healthy human adult (20--40 years of age) controls were used as a comparison for analysis of CD31 expression on CD4^+^ and CD8a^+^ T lymphocytes. Naïve cells were identified by CD45RA^+^CD45RO^−^ cell surface expression ([Supplemental Figure S1 (online)](#SD1){ref-type="supplementary-material"}). In agreement with our mouse studies, two distinct populations of expression, CD31high and CD31intermediate, were identified in both CD4^+^ and CD8a^+^ T cells. Also similar to the mouse, there are no significant differences in the frequency of CD4^+^ CD45RA^+^CD31high or intermediate cells during development ([Figure 2a and b](#F2){ref-type="fig"}). In addition, CD8a^+^ CD45RA^+^CD31hi lymphocyte frequency remains stable with age ([Figure 2d and e](#F2){ref-type="fig"}).

Characterization of CD31 expression in human T cells upon stimulation {#S17}
---------------------------------------------------------------------

CD31 plays an important role in the regulation of TCR signaling. We questioned how expression of CD31 would change in preterm and term samples in a pro-inflammatory environment, such as in the setting of prolonged rupture of membranes or chorioamnionitis. To simulate this environment, we used a 5 day *in vitro* stimulation. T lymphocytes isolated from the same samples used for the naïve expression described above were activated by CD3/CD28 stimulation and expanded in the presence of IL-2. Following expansion, all activated T cells, identified by CD45RO^+^CD45RA^−^ cell surface expression, display a dramatic decrease in the expression of CD31^+^ ([Figure 2a, c, d and f](#F2){ref-type="fig"}). After activation, the CD31hiCD4^+^ population dramatically decreases to almost undetectable levels (data not shown) and the frequency of CD31intCD4^+^ cells is also greatly reduced, regardless of age, consistent with previous work ([@R17],[@R18]). There are no statistically significant differences in the frequencies of activated CD4^+^ CD31^+^ T cells between late preterm and term infants ([Figure 2c](#F2){ref-type="fig"}). However, when term infants are compared to adults, there is a significant difference in the frequency of activated CD31int in term samples (4% and 9% for Term and Adults, respectively; p\<0.005), which indicates a more rapid shedding of CD31 from CD4^+^ T cells in term infants upon activation. In addition, activated late preterm and term CD8a^+^ lymphocytes demonstrate an increase in CD31 shedding ([Figure 2f](#F2){ref-type="fig"}), as compared to their adult counterparts (CD31hi 11%, 12% and 20% for Late Pre-term, Term and Adult respectively; p\<0.05 Late Pre-Term to Adult; CD31int 24%, 27%, and 40% for Late Pre-term, Term and Adult respectively; p\<0.005 Late Pre-term to adult, p\<0.05 Term to Adult).

Differences in CD31 expression at the site of infection and in the periphery in the murine neonate {#S18}
--------------------------------------------------------------------------------------------------

Given the increased shedding of CD31 from CD8^+^ T cells in human newborn samples upon *in vitro* stimulation, we wanted to explore the impact of an *in vivo* acute infection on CD31 expression using our neonatal murine model. To pursue this question, mice were infected intranasally with influenza virus at 3-days of life, 7-days of life, and 8-weeks old; lungs were harvested at 6 and 9 days post-infection. Samples were normalized per 100mg of lung given the difference in lung size between the neonate and adult mouse. Interestingly, when mice are infected on day 3 of life, there is a ten-fold increase in the number of CD4^+^ and CD8^+^ CD31^+^ T lymphocytes in the lungs of animals at 6 days post-infection, as compared to the animal infected on day 7 of life or the adult (p\<0.005 DOL3 to DOL7, p\<0.05 DOL3 to Adult) ([Figure 3a](#F3){ref-type="fig"}). However, by day 9 post-infection there is no statistical difference between different aged animals ([Figure 3d](#F3){ref-type="fig"}). To determine which specific cells were expressing high levels of CD31, we compared the absolute numbers of pulmonary CD31hi activated (CD44^+^CD62L^−^) and naïve (CD62L^+^CD44^−^) cells. Surprisingly, animals infected at 3-days of life display a five-fold increase in the number of naïve CD31hi CD4^+^ and CD8a^+^ T cells in the lung at 6 days post-infection (p\<0.05 for both CD4^+^ and CD8a^+^) ([Figure 3 b and c](#F3){ref-type="fig"}). By 9 days post-infection, no significant difference is detectable in the number of naïve CD4^+^CD31hi cells, although there are differences in activated CD4^+^CD31hi cells (2.5×10^5^ (DOL3) and 1.6×10^5^ (DOL7); p\<0.05) ([Figure 3e](#F3){ref-type="fig"}). Contrary to the CD4^+^ population, CD8a^+^ T cells continue to demonstrate increased numbers of both CD31hi naïve and activated cells at day 9 post-infection (CD8a^+^CD31hiCD62L^+^: 2.6×10^5^ (DOL3) and 1.22×10^5^ (DOL7);p\<0.005, CD8a^+^CD31hiCD44^+^: 2×10^5^ (DOL3) and 3.3×10^4^ (DOL7); p\<0.0001) ([Figure 3 f and j](#F3){ref-type="fig"}).

Next, we questioned whether there would be similar differences in CD31 expression on T lymphocytes in a peripheral lymphoid organ, such as the spleen, in the context of acute infection. At 9 days post-infection, there is not a significant difference in the number of total CD31^+^ T lymphocytes between mice infected at 3 and 7 days of age ([Figure 3g](#F3){ref-type="fig"}). However, in direct contrast to the findings at the site of infection, there are more activated and naïve CD4^+^CD31hi T cells ([Figure 3h](#F3){ref-type="fig"}) and naïve CD8a^+^CD31hi T cells ([Figure 3i](#F3){ref-type="fig"}) in the spleen of the animal infected at 7 days of life as compared to the 3-day old. Together, this data from the lung and spleen indicate a role for CD31 in trafficking in the neonatal mouse. We have previously demonstrated a defective adaptive immune response to influenza in the neonatal mouse, and a major contributing factor is the TCR ([@R7]). Increased expression of a known TCR inhibitor at the site of infection could be contributing to a dampened CTL response to acute viral infection.

Discussion {#S19}
==========

The neonate must be tolerant to both maternal alloantigens as a fetus, as well as the sudden enormous exposure to environmental antigens after birth. The exact mechanisms which regulate this tolerance have not been determined. In humans, CD31 is expressed on recent thymic emigrants (RTEs), but lost during postthymic peripheral expansion of RTEs ([@R19]), which leads to a decrease in naive CD4^+^ and CD8^+^ T cells which express CD31 during ageing from childhood to adulthood. T cells likely use CD31 for transendothelial migration to enter secondary lymphoid organs, a process which is essential for homeostatic proliferation ([@R20]). T-cells in the periphery require self-MHC/TCR interactions to act as a survival signal and promote homeostatic proliferation ([@R21]). CD31 is lost during *in vitro* stimulation of CD4^+^ cells after TCR triggering ([@R17]). Therefore, one potential explanation for down-regulation of CD31 expression on peripherally expanded naive T cells could be a consequence of TCR ligation with endogenous MHC and self-peptides. CD31 expression could play a role in the maintenance of neonatal T cell quiescence and neonatal tolerance given that CD31-deficient mice demonstrate a resistance to the development of HY-mismatched skin graft induced T-cell tolerance following the delivery of antigenic peptide intranasally ([@R8]).

Therefore, we wanted to establish the development of the recent thymic emigrant (RTE) marker, CD31, in the mouse and human and its possible role in modulating T cells at different ages in response to infection in the mouse. The biological significance of CD31, particularly in the late preterm and term neonate, has not been fully elucidated. Here, we demonstrate that there is an increase in the absolute numbers of CD4^+^CD31^+^ T cells and CD8^+^CD31^+^ T cells over the first week of life in the murine neonate. This is in agreement with previous work which demonstrated an increase in the frequency of CD31^+^ T cells over the course of human gestation([@R12]), which verifies an important connection between our neonatal murine model and the late preterm human neonate.

Maintenance of the peripheral naive T cell compartment is primarily dependent on thymic output in mice ([@R22]) and young humans ([@R23]), although this changes with aging in humans ([@R22],[@R24]). Naïve CD4^+^ T cells which express CD31 contain elevated T cell Receptor Excision Circles (TREC), and are therefore believed to have arisen from thymic production ([@R25]). The mouse neonate is comparably more lymphopenic than the human neonate. At birth, CD8^+^ T cells are outnumbered by CD4^+^ T cells approximately 2:1 with CD8^+^ T cells making up only around 0.5% of the total lymphocyte pool, which shifts with a significant efflux of lymphocytes from the thymus of murine neonates, particularly after the third day of life ([@R26]). Consistent with this, our data demonstrates an increase in the absolute number of CD31hi expressing CD4^+^ and CD8^+^ lymphocytes over the first week of life. As a comparison to the mouse, in the setting of hematopoietic stem cell transplantation and resultant lymphopenia, CD31 has been shown to be a reliable marker of reemerging naïve CD4+ T cells in humans ([@R24],[@R27])

Shedding of CD31 is observed upon lymphocyte activation and differentiation ([@R17]), especially in human CD4^+^ T cells activated via TCR stimulation ([@R28]). Upon cell activation, the loss of T cell CD31 is the result of its cleavage and shedding into biologic fluids, which then results in the loss of its inhibitory function, as the necessary *trans*-homophilic engagement of the molecule cannot be established ([@R18]). Here, we demonstrate upon TCR stimulation with CD3 and CD28, there is an increase in shedding of CD31 from neonatal CD4^+^ and CD8^+^ T cells, as compared to adults. However, there was not a difference between late preterm and term samples. One possible explanation is an insufficient sample size. Another possible explanation is that specific TCR stimulation may be saturating the T cells and be forcing an unnatural decrease in expression in an *in vitro* experiment. Given the difficulty associated with the collection of PBMCs from acutely infected human newborns patients, it is a challenge to determine changes in CD31 expression in the setting of human infection.

Around the time of birth, there is a massive efflux of RTEs from the thymus, and the immaturity of these cells contributes to infection susceptibility in preterm and term neonates. Neonates display delayed T cell function as a result of a greater proportion of naïve T cells in the circulation and a low subpopulation of memory T cells ([@R29]). In addition to the sheer numbers of RTEs, these naïve T cells are dependent on dendritic cells which have been shown to be inefficient in antigen uptake ([@R30]). The absolute number of CD31^hi^CTLs increases over the first week of murine life. However, when compared to the total CTL population, they comprise a relatively small percentage of the CTLs. Strikingly, in the setting of acute viral infection, CD31^+^CTLs comprise a significant number of the infiltrating CTLs at the site of infection in the 3-day old murine neonate at 6 days post-infection, compared to the 7-day old and adult murine animal. In addition, the CD8a^+^CD31^+^ cells of animals infected at day 3 of life are primarily naïve at the site of infection at both days 6 and 9 post-infection. Similarly, CD4^+^CD31^+^ cells comprise a large portion of cells within the lungs of animals infected at day 3 of life. This high level of CD31 expression on both naïve and activated CTLs is specific to the site of infection in the young neonate. In the spleen, there is much less CD31 expression in the 3-day old neonate demonstrating that the high CD31 expression seen in the lung is not reflective of a global difference in CD31 expression, but rather a site-specific difference. Together, these data indicate a selective pressure in neonatal mice to maintain a tolerant environment at the site of infection. CD31 signals protect the host under conditions of immunological stress; CD31-deficient mice display exaggerated disease severity in inducible experimental models of T-cell-mediated inflammation, including experimental autoimmune encephalomyelitis ([@R31]) and endotoxemia ([@R32],[@R33]). In addition, CD31 protects the endothelium from immune-mediated damage ([@R34]). Therefore, CD31 might be playing a protective role in the setting of influenza infection in the neonate by trafficking "dampened" CTLs to the site of infection.

To our knowledge, this is the first description of the development of CD31 in the murine neonate, and the use of a neonatal animal model to show differential expression of CD31 in the setting of an acute viral infection. Further murine and human mechanistic studies which examine CTL function in the setting of acute infection are needed. The impact of CD31 expression in the preterm and term neonate during an acute infection, such as chorioamnionitis or early onset sepsis, needs to be further investigated.
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![Comparison of CD31^+^ T lymphocytes in the neonatal and adult mouse\
Spleens were harvested at noted day of life and analyzed by flow cytometry. Frequency of CD31hi and CD31int **(a)** CD4^+^ T cells and **(b)** CD8a^+^ T cells. Each dot represents a single animal. (n=4--6 animals per group, three independent experiments) (p\<0.05 for CD31int). **(c)** Representative flow plots depicting the gating strategy of CD31hi and CD31int designations for CD4^+^ (Top panel) and CD8a^+^ (Bottom panel) T lymphocytes at noted day of life. Absolute number of naïve **(d)** CD4^+^ CD31hi and CD31int expressing cells relative to the total CD4^+^ population and **(e)** CD8a^+^ CD31hi and CD31int expressing cells relative to the total CD8a^+^ population (P\<0.05 for CD31hi). Nonparametric (Mann-Whitney) statistics were used to compare expression level/day of life.](nihms860599f1){#F1}

![CD31 expression on naive and activated Late Preterm, Term and Adult T cells\
Total T lymphocytes were isolated from Late Preterm, Term, and Adult samples. Cells were stained as naïve or stained after 5 days of stimulation and expansion. Representative flow plots of CD31 gating strategy of CD31hi and CD31int for unstimulated (Top Row) or stimulated (Bottom Row) **(a)** CD4^+^ T cells and **(d)** CD8a^+^ T cells. Frequency of unstimulated naïve CD45RA^+^CD45RO^−^ CD31 hi or CD31int **(b)** CD4^+^ or **(e)** CD8a^+^ T cells. Each dot represents a single patient sample (n=5--6 samples per group, three independent experiments). Frequency of cells activated with CD3/CD28 stimulation in the presence of IL-2 CD45RO^+^CD45RA^−^ **(c)** CD4^+^ CD31int T cells (p\<0.005) and **(f)** CD8a^+^ CD31hi and int T cells (late preterm to adult CD31int p\<0.005; late preterm to adult CD31hi p\<0.05; term to adult CD31hi p\<0.05) (n=4--6 samples per group, two independent experiments). Nonparametric (Mann-Whitney) statistics were used to compare expression level/day of life.](nihms860599f2){#F2}

![Differences in CD31 expression at the site of infection and in the periphery in the murine neonate\
Mice were infected intranasally with Influenza type A on noted day of life. Lungs were then harvested and processed for analysis by flow cytometry. CD31^+^ CD4^+^ and CD8a^+^ absolute numbers were calculated per 100mg of lung at **(a)** day 6 post-infection (CD4 and CD8a D3 to D7p\<0.005; D3 to Adult p\<0.05) and **(d)** day 9 post-infection. Each dot represents a single animal (n=3--10 animals per group, three independent experiments). Cells were then analyzed for cell surface expression of a naïve (CD62L^+^CD44^−^) or activated (CD44^+^CD62L^−^) phenotype. Absolute numbers per 100mg of lung were calculated for **(b)** CD4^+^CD31hi cells (p\<0.05) and **(c)** CD8a^+^ CD31hi cells at day 6 post-infection (p\<0.05). Absolute numbers per 100mg of lung were also calculated for **(e)** CD4^+^CD31hi cells (p\<0.05) and **(f)** CD8a^+^ CD31hi cells at day 9 post-infection (Naïve p\<0.005, activated p\<0.0001). **(g)** Total splenic CD31^+^ CD4^+^ and CD8a^+^ T lymphocytes at day 9 post-infection. Naïve and activated splenic **(h)** CD31hi CD4^+^ (naïve p\<0.005, activated p\<0.05) and **(i)** CD8a^+^ (naïve p\<0.05) cells at day 9 post infection. **(j)** Representative flow plots depicting the evolution of CD31 expression in naïve and activated CD8a^+^ T cells at day 9 post-infection in the lung between animals infected at Day 3 of life (Top Row) and Day 7 of Life (Bottom Row). Nonparametric (Mann-Whitney) statistics were used to compare expression level/day of life.](nihms860599f3){#F3}
